Bartonella infection can be difficult to diagnose, especially when it manifests as bacteremia, which is usually accompanied by nonspecific symptoms, such as fever. Therefore, we hypothesized that Bartonella infection represents an underrecognized cause of febrile illness. To determine the prevalence of Bartonella infection among patients presenting with fever, we evaluated 382 patients in San Francisco. Overall, 68 patients (18%) had evidence of Bartonella infection detected by culture, indirect fluorescent antibody testing, or polymerase chain reaction (PCR). Twelve patients (3%) had either Bartonella henselae or Bartonella quintana isolated from specimens of blood, tissue, or both or had DNA detected in tissue; all 12 had concomitant human immunodeficiency virus (HIV) infection. Bartonella antibodies were detected in 17% of febrile patients, including 75% of culture-positive or PCR-positive patients. In a nested, matched case-control study aimed at identifying clinical features of febrile illness associated with Bartonella infection, only bacillary angiomatosis and elevated alkaline phosphatase levels were associated with Bartonella infection ( for both). The P р .03 prevalence of Bartonella infection among patients with late-stage HIV infection and unexplained fever is much greater than has previously been documented.
(CSD) lymph nodes are accessible to biopsy and thus may eventually be diagnosed, the less obvious manifestations of Bartonella infection (e.g., isolated bacteremia) are rarely identified because of the nonspecific symptomatology. Undiagnosed Bartonella infections can persist for months in both immunocompetent [3] [4] [5] [6] and immunocompromised patients [7, 8] and can cause chronic, debilitating opportunistic infection and even death [9] .
We hypothesized that Bartonella infections are substantially underrecognized as a cause of fever, because focal Bartonella infection is often not initially diagnosed, and isolated Bartonella bacteremia is rarely considered in the differential diagnosis of prolonged fever. Over a 16.5-month period, we conducted a prospective study to determine the prevalence of infection due to Bartonella species among patients with unexplained febrile illness.
MATERIALS AND METHODS

Study Design
To identify eligible study participants, we surveyed inpatients and outpatients at 4 San Francisco Bay-area hospitals. Patients were eligible if they were у18 years of age and met 1 of the following 3 criteria: (1) patient had an acute febrile illness (temperature, у38ЊC) without an identifiable source, (2) patient had persistent or recurrent fever of у2 weeks' duration without an identifiable source, and (3) patient was referred for persistent fever and subsequently noted to have lesions suspicious for BA during physical examination by a health care provider trained to recognize BA. Patients were excluded if they had received antibiotic therapy with a macrolide, tetracycline, or rifamycin in the 2 weeks before culture for Bartonella species was performed. For HIV-infected patients with fever of unknown source, patients were only eligible if they had no prior history of Mycobacterium avium complex (MAC) infection and if they had negative results of a blood culture for MAC in the 4 weeks before Bartonella culture was performed.
For each patient, 1 lysis-centrifugation blood culture tube was prepared for Bartonella culture, and 1 serum separator tube was prepared for serologic testing for Bartonella species. For patients with fever who were subsequently noted to have lesions suspicious for BA during examination by a health care provider trained to recognize BA, tissue biopsy was performed, and the specimens were submitted for microbiologic and histopathologic evaluation. Blood samples were cultured simultaneously for Bartonella species and MAC at the San Francisco General Hospital Microbiology Laboratory. Serum samples were sent to the Centers for Disease Control and Prevention (CDC) for testing for Bartonella antibodies by indirect fluorescent antibody (IFA) test.
Molecular and Microbiological Analysis
Isolation of Bartonella species from human blood and tissues. Samples of blood, tissue, or both were obtained from patients for culture for Bartonella species. Tissue samples were homogenized [7] and plated onto both heart infusion agar (supplemented with 5% fresh defibrinated rabbit blood (HIAR) [10] ) and chocolate agar. Agar plates were custom-poured with twice the standard volume (i.e., 29 mL) and were always used within 7 days. Patients' blood samples were cultured using lysiscentrifugation tubes (Wampole [10] ), as described elsewhere [7] . Inoculated agar plates were incubated at 34ЊC for 3 weeks in candle jars (to enrich for CO 2 ). Jars were opened and cultures assessed on days 7, 14, and 21 after plate inoculation, and negative cultures were blindly subcultured onto fresh agar at each time point and then held for an additional 3 weeks.
Extraction of DNA from archived tissue and speciation of Bartonella isolates by sequencing. The infecting Bartonella species was determined by extraction of DNA from either Bartonella isolates (for 11 patients) or formalin-fixed, paraffinembedded tissue (for 1 patient) [7, 11] . 16S rDNA was amplified under standard conditions by use of PCR with primers p24E and p12B [12] , with appropriate controls, and the amplicons were cloned and sequenced [7, 8] . Speciation for each isolate was corroborated by PCR-restriction fragment-length polymorphism analysis of a fragment of the citrate synthase gene [13] .
Serological Analysis by IFA Testing
The IFA test for Bartonella antibodies was developed at the CDC [14, 15] . Serum samples were diluted 2-fold to 1:1024, and a reciprocal titer of у64 to B. henselae, B. quintana, or Bartonella elizabethae was considered to be a positive result on the basis of previous studies [14, 15] . The sensitivity of the IFA test was previously determined to be 82%-95% for patients with suspected CSD; the estimated specificity for CSD is 93%-96% [15] . With use of this IFA test, the background prevalence of Bartonella antibodies in afebrile populations was determined to be 4%-7% [14, 15] .
Case-Control Study
We conducted a nested, matched case-control study (ratio of case patients to control subjects, 1:2) with patients who met the eligibility requirements, to identify risk factors and to distinguish clinical features of Bartonella infection in this study population with unexplained fever. Written, informed consent was obtained from all participants, as approved by the committees for human research of the University of California at San Francisco, the University of California at Berkeley, Davies Medical Center (San Francisco, CA), and the CDC. The guidelines for human experimentation of these institutions were followed in conducting clinical research. Case patient definition. "Case patient" was defined as a patient with a persistent or recurrent fever from whom a Bartonella species was isolated, from whose tissue Bartonella DNA was amplified, or whose anti-Bartonella reciprocal antibody titer was у64, as determined by IFA test. Control subjects were matched to each case patient on the basis of the date on which blood samples were obtained for culture. Control subjects had no evidence of Bartonella infection, as determined by both culture and serologic testing performed on the date on which blood culture samples were obtained.
Questionnaire. A standardized questionnaire was administered to collect information about demographic and behavioral characteristics, medical history, and environmental exposures during specific reference periods preceding the date that the culture and serum specimens were obtained. Additional clinical information was extracted from medical records with use of a structured data collection instrument.
Statistical Analysis
Case patients and matched control subjects were evaluated for differences using Epi Info software (CDC) [16] , and the Kruskal-Wallis test was used to compare distributions of continuous variables between case patients and matched control subjects. For dichotomous variables, univariate matched ORs (MORs) with 95% CIs were calculated using the Mantel-Haenszel method. All species-stratified subanalyses were conducted on unmatched data to maintain statistical power in the setting of a diminished number of case-control sets. Although the Kruskal-Wallis test for 2 groups was again used to compare distributions of continuous variables between the unmatched case patients and control subjects, the respective P values for the univariate unmatched ORs and 95% CIs for dichotomous variables were calculated using the 2-tailed Fisher's exact test.
RESULTS
Blood specimens were obtained for both Bartonella culture and serologic testing from a total of 382 patients (table 1) . Of these patients, 306 (80%) were culture and antibody negative for Bartonella species. The culture or serologic test specimen could not be fully evaluated for 10 patients (3%). The remaining 66 patients (17%) were found to be positive for Bartonella on the basis of у1 of the following tests: culture, PCR or IFA test. In addition, there were 2 antibody-positive patients whose cultures were contaminated or lost.
Isolation and Speciation of Bartonella from Blood and Tissue Specimens
A Bartonella species was isolated from the blood or tissue specimens of 11 patients, and Bartonella DNA was amplified from the tissue specimen of 1 patient (table 2) . B. henselae and B. quintana were the only 2 species documented in this study (6 patients for each species). There was no difference in the ability to isolate either species from blood or tissue specimens, and no colonies were detectable until after у8 days' incubation. A Bartonella species was isolated from blood and/or tissue specimens obtained from all 6 patients with cutaneous BA lesions. All 11 isolates were subsequently passaged multiple times without difficulty.
During the evaluation for fever for this study, examination by physicians trained to recognize BA revealed that 6 of the 11 patients, who were ultimately found to be culture positive for Bartonella infection, had cutaneous lesions. Biopsies of the 6 patients' cutaneous lesions were performed and specimens were examined, revealing histopathologic features of BA [17] . In 5 patients, no focal Bartonella infection could be identified, but Bartonella bacteremia was ultimately detected. The twelfth patient (patient 5; table 2) was hospitalized with fever of unknown origin (temperature up to 41ЊC) and cervical lymphadenopathy; Bartonella infection was not suspected, but examination of a lymph node biopsy specimen revealed BA. B. henselae DNA was detected in an archived tissue specimen obtained from this patient, for whom a fresh tissue sample was not available for culture.
One patient with prolonged fever (patient 1; table 2), who was lost repeatedly to follow-up, provided samples for culture twice during the study period and a third time 4 months after the study period. This patient initially presented with fever, had a blood culture positive for MAC but negative for Bartonella species, and had a result of a serologic test for B. quintana that was low positive. The patient was lost to follow-up and returned with fever and cutaneous lesions 5 months later; at that time, B. quintana was isolated from a blood sample, cutaneous lesions revealed BA on histopathologic examination (the lesions were not cultured), and Bartonella antibody titers had increased. The patient again failed to return for diagnostic test results and The number of Bartonella colonies recovered from the semiquantitative lysis-centrifugation blood culture system was 0.1-1 cfu/mL of blood (table 2). For 1 patient with B. henselae bacteremia (patient 4; table 2), a single colony was recovered on the primary culture plate from 10 mL of blood, and for 1 patient with B. quintana bacteremia (patient 6; table 2), 1 colony was isolated, but only on the first blind subculture plate. Of note, isolation of B. henselae occurred only on HIAR plates (never on simultaneously inoculated chocolate agar), and, except for 1 patient, isolation of B. quintana occurred only on chocolate agar plates. However, agar preference diminished with subsequent cultivation.
Fifty-two (14%) of 382 patients had MAC isolated from a blood culture (table 1) , despite the enrollment requirement for a negative MAC culture. Three patients (1%) were coinfected with Bartonella species and MAC. Finally, 6 (2%) of 382 patients had Histoplasma capsulatum alone isolated from blood cultures.
Serologic Analysis by IFA Testing
Bartonella antibodies were detected in 65 (17%) of the 382 patients tested. Fifty-six patients were seropositive and culture negative. For these 56 patients, the distribution of reciprocal titers was as follows: 64 (19 patients), 128 (16 patients), 512 (13 patients), 2048 (4 patients), 8192 (3 patients), and 18192 (1 patient). Of the 12 patients positive for Bartonella species by culture or PCR, 9 were culture positive and seropositive, 1 was PCR positive and seronegative, and 2 were culture positive and seronegative (table 2). All 3 culture-positive or PCR-positive patients who were also seronegative were infected with B. henselae. Of note, of the 9 culture-positive patients in whom antibodies were detected, all had B. quintana titers that were equal to or greater than their titers against B. henselae, even among those infected with B. henselae.
Case-Control Study
Among the 68 eligible patients who met the case definition, 35 were enrolled, 31 could not be located, and 2 had died (no surrogate-i.e., relative or partner-was available to assist with completion of the questionnaire). A total of 61 control subjects were identified; 2 control subjects were enrolled for each case patient, with the exception of 9 case patients for whom only 1 control subject was enrolled each.
Clinical Features, Environmental Exposures, and Socioeconomic Characteristics
Matched analyses. Thirty-three (97%) of 34 case patients and 54 (93%) of 58 control subjects enrolled were infected with HIV. HIV infection status was unknown for 1 case patient and 3 control subjects. There were no statistically significant differences between case patients and control subjects with regard to median age (37.5 years overall; ), race (63% overall P p .98 were white; MOR, 1.8; 95% CI, 0.8-4.4;
), sex (88% P p .22 overall were male; MOR, 1.2; 95% CI, 0.3-4.5;
), eth-P p .91 nicity (24% overall were Hispanic; MOR, 1.9; 95% CI, 0.7-5.6; ), or risk factors for HIV infection (i.e., homosexual or P p .32 bisexual orientation, commercial sex work, or injection drug use; for all). There were no statistically significant dif-P у .26 ferences between case patients and control subjects with regard to an AIDS diagnosis (85% overall had AIDS; MOR, 2.5; 95% CI, 0.6-10.3;
). None of the patients had received P p .34 HAART, nor had virus load been determined.
In addition to fever present at the time of culture and serologic testing for Bartonella species, persistent or recurrent fever was present in 30 (86%) of 35 case patients during the 3 months before Bartonella cultures were performed and in 51 (84%) of the 61 control subjects (MOR, 1.4; 95% CI, 0.4-4.9;
). With the exception of the presence of cutaneous BA P p .84 lesions (in 6 case patients and no control subjects; ), P p .002 there was no difference between case patients and control subjects with regard to symptoms and signs at the time of presentation (e.g., chills, sweats, headache, weight loss, nausea and vomiting, abdominal pain, diarrhea, lymphadenopathy, pruritus, and bone pain; for all). P у . 22 With the exception of receipt of a cat scratch or bite during the 6-month period before culture and serologic tests for Bartonella species were performed (49% of case patients vs. 21% of control subjects; MOR, 2.8; 95% CI, 1.2-6.4;
) and P p .02 bathing !5 times per week (46% of case patients vs. 16% of control subjects; MOR, 5.9; 95% CI, 1.8-18.8; ), there P p .003 were no differences detected between case patients and control subjects with regard to a variety of other animal and insect exposures and socioeconomic factors ( for all). The me-P у .12 dian alkaline phosphatase level was higher for case patients than for control subjects (94.5 vs. 79.0 U/L; ); however, no P p .03 other laboratory values distinguished case patients from control subjects. The median CD4 + cell count for the 33 case patients with concomitant HIV and Bartonella infection was 35 cells/ mm 3 , compared with 40 cells/mm 3 for the 54 HIV-infected control subjects ( ). P p .58 Unmatched analyses. In unmatched analyses, a number of Bartonella species-specific risk factors and findings were identified (tables 3 and 4). In general, case patients with B. henselae infection were more likely than those with B. quintana infection to have more constitutional symptoms, such as weight loss, joint pain, and bone pain, and to have experienced a variety of pet cat exposures; however, not all of these associations were statistically significant.
DISCUSSION
Fever and persistent Bartonella bacteremia of weeks' or months' duration are hallmarks of Bartonella infection and occur in immunocompetent [3] [4] [5] [6] and immunocompromised [7, 8] patients. B. henselae infection has been identified as the third most common cause of fever of unknown origin in immunocompetent children, after Epstein-Barr virus and osteomyelitis [18] . Intermittent fever and Bartonella bacteremia over a period of months have been reported in immunocompromised patients with cutaneous lesions ultimately recognized to be BA (67% of cases of B. henselae BA and 43% of cases of B. quintana BA [8] ). We hypothesized that unsuspected Bartonella infection is a cause of fever in patients presenting for evaluation of persistent or undiagnosed fever, and we sought to determine the prevalence of Bartonella infection in this population. We evaluated 382 patients with acute or persistent unexplained fever and, surprisingly, found evidence of Bartonella infection in 68 (18%) by culture, IFA testing, or PCR. Either B. henselae or B. quintana was cultured from blood and/or tissue specimens obtained from 11 (3%) of the 382 patients, and B. henselae DNA was amplified from tissue from 1 patient.
Although we did not select patients on the basis of HIV infection status, the majority (95%) of case patients and control subjects enrolled in the case-control study were HIV infected. For the 33 HIV-infected case patients with Bartonella infection, the median CD4 + cell count was 35 cells/mm 3 . Unexplained fever occurs frequently in patients with low CD4 + cell counts [19] , and disseminated MAC infection is one of the most common infections identified in this population [20] ; however, in one study, more than one-half of the MAC culture-positive patients also had another cause of fever identified [21] . In our study population, Bartonella infection was diagnosed more commonly (18%) than was MAC infection (14%), probably because a prior negative MAC culture result was required. Of note, 3 patients had concomitant isolation of MAC and Bartonella species. MAC grows on both HIAR and chocolate agar, with a doubling time and appearance similar to Bartonella species. This made detection of the few Bartonella colonies among the MAC colonies challenging. Finally, isolation of Histoplasma capsulatum from the blood cultures of 2% of our patients represented an unexpectedly high prevalence for this pathogen outside of a region of endemicity.
Physicians trained in recognition of BA examined patients and identified cutaneous lesions suspicious for BA in 6 (50%) of 12 culture-positive patients. Thus, the sole finding that distinguished patients with Bartonella infection from other patients with fever was the presence of cutaneous BA. As occurred for these 6 patients, even when cutaneous BA lesions develop, they can be difficult to recognize or diagnose (cases of BA remained undiagnosed for up to 8 months in one of our studies [7] ). In the other 6 patients, Bartonella infection was undiagnosed until the results of special cultures or PCR for Bartonella species were positive. Of these patients, 4 had isolated Bartonella bacteremia, 1 had granulomatous hepatitis, and 1 had BA lymphadenitis. Of the 12 patients positive for Bartonella species by culture or PCR, one-half were infected with B. henselae and one-half with B. quintana. Although 3 other Bartonella species have been isolated from humans, no other Bartonella species was isolated in this study. To isolate both species, it was necessary to use 2 custom-made agar types and then to carefully read and subculture the cultures because of the low colony count from blood samples (0.1-1 cfu/mL). More sensitive techniques (e.g., cocultivation of tissue biopsy specimens with endothelial cells [7] or shell vial cultures with endothelial cells [22] ) for isolating Bartonella species are not widely available and are more laborious to perform than are the lysis-centrifugation blood cultures. Our study found that 9 (75%) of our 12 HIV-infected pa- tients with culture-positive or PCR-documented Bartonella infection had a positive antibody titer, compared with 82%-95% of immunocompetent patients [15] with suspected CSD. This difference could result from the attenuated antibody response to bacterial antigens that has been reported in HIV-infected patients [23] . The isolation of Bartonella species continues to be extremely challenging, and detection of antibodies by IFA testing remains the most practical test for diagnosis of Bartonella infection in the absence of accessible tissue (e.g., BA lesion) for biopsy; however, a more sensitive serologic test would improve diagnosis in the HIV-infected population. We performed a case-control study to identify the clinical features or risk factors that could distinguish febrile patients with Bartonella infection from other patients with fever. Except for cutaneous BA and increased alkaline phosphatase levels, there were no clinical features that were specifically associated with Bartonella infection. We were not able to stratify our matched sets of case patients and control subjects by species (i.e., B. henselae and B. quintana), because the majority of our case patients had a positive IFA result but did not have identification of the infecting species by culture or molecular methods, and because there is substantial cross-reactivity between B. henselae and B. quintana by IFA testing [15] . However, in unmatched analyses (tables 3 and 4), we found Bartonella species-specific risk factors and clinical features consistent with those identified in our previous study of patients with BA [8] , by comparing the 6 case patients with confirmed B. henselae infection and the 7 case patients with confirmed B. quintana infection with all 61 control subjects.
Three case patients and 3 control subjects received clarithromycin in the 3-month period before onset of illness but were not receiving this antibiotic at the time that cultures were performed (patients receiving a macrolide, rifamycin, or tetracycline in the 2 weeks before culture were excluded from the study). No case patients or control subjects received azithromycin in the 3 months before illness. Of note, in our molecular epidemiologic study of 49 patients with BA [8] , we found that receipt of an antibiotic from the macrolide class (for MAC prophylaxis or other reasons) was protective against development of Bartonella infection. In the present study, 13 (37%) of 35 case patients received trimethoprim-sulfamethoxazole (TMP-SMZ) in the 3 months before the onset of illness, compared with 30 (49%) of 61 control subjects. In this study and in our previous study [8] , we were able to isolate Bartonella species from patients taking TMP-SMZ for prophylaxis at the time that Bartonella cultures were performed. These data corroborate our previous findings suggesting that TMP-SMZ does not have in vivo activity against Bartonella species, and they lead us to recommend that TMP-SMZ not be used to treat Bartonella infection.
Our data indicate that the prevalence of Bartonella infection among HIV-infected patients is much greater than previously documented and that Bartonella infection should be considered in the differential diagnosis for patients with fever and latestage HIV disease. Although the advent of HAART has had a dramatic effect on the incidence of AIDS-associated opportunistic infections [24] , we continue to diagnose Bartonella infections in HIV-infected patients, particularly in patients who lack access to HAART or for whom HAART has failed. This is especially important because Bartonella infection is one of the most treatable (with erythromycin or doxycycline [25] ) causes of unexplained fever in immunocompromised patients. Because B. henselae infections are common among immunocompetent adults and children [26] , future studies should determine the prevalence of Bartonella infection among immunocompetent adult patients with fever of unknown origin.
